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Description 

Field of the Invention J 

The present invention relates to thermal printers for 
printing colored images which uses a carrier having a 
repeating series of spaced dye frames of different 
colored dyes. 

BACKGROUND OF THE INVENTION 

In one type of thermal printing which prints colored 
images, a carrier contains a repeating series of spaced 
frames of different colored heat transferable dyes. In 
such apparatus, the carrier is disposed between the 
receiver and a print head formed of, for example, a plu- 
rality of individual heating elements. When a particular 
heating element is actuated, , it produces heat and 
causes dye from the carrier to transfer to the receiver. 
The density or darkness of printed colored dye is a func- 
tion of the energy delivered from the heating element to 
the carrier. 

Thermal dye transfer printers offer the advantage of 
true "continuous tone" dye density transfer. This result is 
obtained by varying the energy applied from each heat- 
ing element, yielding a variable dye density image pixel 
in the receiver. 

In order to produce a colored image, the carrier 
includes a repeating series of spaced colored dye 
frames. Such frames are often yellow, magenta and 
cyan dye frames. The carrier is typically mounted in a 
cartridge which includes take-up and supply spools. 
Under the control of a microprocessor, the carrier and 
receiver are moved past the heating elements which are 
selectively actuated. 

There is a problem with this arrangement in that 
there sometimes are defective dye frames in the car- 
tridge. If a single dye frame in a series is defective, then 
an unsatisfactory print will be produced by the thermal 
printer. Another problem is that the color dye densities 
in the dye frames may vary from cartridge to cartridge. 
Since the print head is set up for a standard series of 
dye frames, this also can caused less than satisfactory 
prints to be produced. 

JP-A-63/268675 describes a cassette for use in a 
printer and having a memory comprising data repre- 
sentative of the amount of the ink sheet used in the cas- 
sette. 

SUMMARY OF THE INVENTION 

It .is an object of this invention as recited in Claim 1 
to provide a simple and effective way of identifying a 
defective series of dye frames in a cartridge. 

It is a further object of this invention to provide for 
the correction of variations in dye densities from car- 
tridge to cartridge. 

This object is achieved in a thermal printer having a 
cartridge for mounting a carrier, such carri r having 



repeating series of dye frames of different colors and a 
receiver which receives dye from a series of spaced dye 
frames to form a colored image, such printer including a 
print head having one or more selectively actuable ele- 

5 ments, means for moving the carrier and the receiver 
along respective paths so as to sequentially move each 
dye frame of a series and the receiver relative to the 
print head so that as the elements are actuated, dye 
from each dye frame of a series is transferred to the 

w receiver and forms a colored image in the receiver, the 
printer being characterized in that it further comprises : 

(a) means for identifying each particular dye frame 
series in the carrier and producing a signal; 
15 (b) non-volatile memory means associated with 
each cartridge and including data as to the location 
of each defective series of dye frames in the carrier; 
and 

(c) computer means responsive to the identifying 
20 signals and the stored defective series information 
for causing the carrier and receiver means to move 
only non-defective dye series frames in operative 
relation with the receiver when the print head is 
actuated. 

25 

An advantage of this invention is that if a cartridge 
is removed from the printer, it can be reinserted and it 
will control the carrier so that the only non<Iefective 
series are moved into operative position in the printer. 

30 Under current carrier production techniques, there 
can be variations of up to 15% in the dye color density 
from desired levels in carriers. Another important 
advantage is that, by having color correction data stored 
in each non-volatile memory for each cartridge, the 

35 process can be controlled by using such stored color 
correcting data to minimize non-uniformities in output 
prints. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

FIG. 1 is a schematic of a thermal printer which can 
be employed to make color images in a receiver in 
accordance with this invention; 
FIG. 2 is a perspective of several heating elements 

45 used in the print head of the printer of FIG. 1 ; 
FIG. 3 shows a portion of a typical carrier; 
FIG. 4 is an exploded view of a cartridge containing 
a nonvolatile memory which can be mounted in the 
printer of FIG. 1 ; and 

so FIG. 5 is a flowchart for the correction for a defec- 
tive series carrier by the printer of FIG. 1 . 

DETAILED DESCRIPTION 

55 Referring to FIG. 1, the receiver member 12 is in 
the form of a sheet and is secured to a rotatable drum 
16 which is mechanically coupled to a drive mechanism 
15. The drive mechanism 15 continuously advances the 
drum 16 and the receiver sheet 1 2 along a path past the 
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stationary print head 18 during the cycle for actuating 
elements of the print head 18. 

Turning to FIG. 2, we see further details of print 
head 18. The print head in this embodiment includes a 
plurality of heating resistors 50 which are pressed 
against a carrier 14 and force the carrier against the 
receiver member 12. As shown in FIG. 2, when a 
' switching element 54 is closed, a heating element 50 is 
connected to a potential source V s and actuated. The 
amount of dye transferred is a function of the time 
switch 54 is closed. 

The carrier member is driven along a path from a 
supply spool 20 onto a take-up spool 22 by a drive 
mechanism 23 coupled to the take-up spool 22. The 
supply and take-up spools are shown in more detail in 
FIG. 4 which wiil be discussed later. For clarity of illus- 
tration, the cartridge has not been shown in FIG. 1 . The 
drive mechanisms 15 and 23 each include motors which 
respectively advance the carrier 14 and the receiver 12 
in operative relation to the print head 18 as the various 
heating elements are selectively actuated to transfer 
dye. 

The carrier member 14 is as noted above formed 
with a repeating series of thermally transferable dye 
frames. As shown in FIG. 3, each series includes yellow, 
magenta and cyan dye frames. A single series is of 
course used to print one colored image in the receiver 
12. As we will see, the present invention corrects for a 
defective series which would be when at least one dye 
frame has an incorrect dye color density. 

In this disclosure, the term "dye" refers to a colored 
material which transfers from the carrier to a receiver in 
response to energy applied by individual elements of 
the print head 18. Although the print head 18 is shown 
as having heat resistor elements, those skilled in the art 
will understand that other sources of energy such as, 
diode laser array and individual lasers have been and 
can be effectively used in accordance with this inven- 
tion. After a colored image is formed in a receiver, the 
receiver will be referred to as a print. 

Referring now to FIGS. 1 and 3, we see that each 
dye frame extends across the width of the carrier 14. 
The carrier 14 comprises a leader portion followed by a 
repeating series of dye frames. The dye frames are con- 
tiguous and each series includes in sequence yellow, 
magenta and cyan dye frames. As shown, there are two 
LEDs 14a and 14b which illuminate the carrier from 
above. LED 14a emits yellow light and LED 14b emits 
red light. Photodetectors A and B are disposed below 
the carrier and receive light which passes through the 
earner. Photodetector A provides a signal to amplifier 
1 7a and photodetector B provides a signal to amplifier 
17b. Threshold detectors 17a and 17b respectively are 
connected to the output of amplifiers 1 7c and 1 7d. If the 
signal produced by an amplifier is above a predeter- 
mined threshold level, then a logic 1 is provided by the 
threshold level detector to a \l computer (microcom- 
puter) 17. If it is below a threshold level, then a logic 0 is 
provided to the microcomputer 17. The microcomputer 



17 in response to these signals identifies the start of 
series and each individual color dye frame in such 
series. For a more complete discussion of this identifi- 
cation, reference is made to commonly assigned U.S. 
5 Patent No. 4,710,781 to Stephenson. It will be under- 
stood to those skilled in the art that other types of well 
known apparatus can be used to identify the start of 
each series of colored dye frames. See U.S. Patent No. 
4,893,951. 

10 Turning now to FIG. 4, we see an exploded view of 
a cartridge 30 for the web-type carrier 1 4. The cartridge 
includes a body 32 which may be formed of an injection 
molded plastic. The body 32 includes two pairs of iden- 
tical, spaced-apart flanges 32a and 32b. Each of the 

15 flanges includes detents 34. Each detent is adapted to 
rotatabiy capture a spindle 36 of its corresponding 
spool. The detent 34 is composed of two integral spring 
members 34a and 34b which deflect apart when the 
spindle 36 is inserted. After insertion, the spring mem- 

20 bers return to their free position and the spindle 36 is 
free to rotate, but is spatially retained within its corre- 
sponding flange. 

Mounted on the cartridge is a non-volatile memory 
60. This memory can be in the form of RAM with a per- 

25 manent supply battery. One non-voltaile memory that 
can be used is Dallas Semiconductor "Memory Button", 
part series 199x. The unit is a small battery-like can 
having two seperable electrically conductive surfaces 
(60a and 60b). A two point electrical communication for- 

30 mat allows for the communication to the battery-backed 
memory element in the device. Two electrically sepa- 
rated contacts disposed within the printer provide a 
communication link between the printer and cartridge 
when the cartridge is inserted into the printer. Sets of 

35 other electrical components can be assembled into the 
cartridge to provide non-volatile data storages. Commu- 
nication between the smart cartridge and printer can be 
accomplished using two or more wires or by the use of 
opto-electrical or radio frequency communication. 

40 Both the supply spool 20 and take-up spool 22 are 
identical in construction and so only one need be 
described. Each of these spools includes a cylindrical 
portion 38 about which the web-type carrier 14 is 
wound. Guard members 39 and 40 are respectively 

45 secured to the opposite ends of the central portion 38. 
Their purpose is to align the spooled carrier 14 between 
them. As shown, the spindles 36 extend outwardly from 
their respective guide members 39 and 40 and termi- 
nate in a free end. A gear member 24 is fixed to a spin- 
so die 36 and disposed between guide member 40 and the 
free end of a spindle 36. The gear 24 tooth design is 
such that a portion extends out beyond the face of the 
gear in a direction parallel to the axis of spindle 36. Two 
adjacent teeth form a groove along the face of the gear 

55 24 nearest to the free end of the spindle 36. A coil 
spring 46 urges each spool so that the face grooves of 
the gears 24 engage ribs 50 formed on flange 34b to 
prevent the spools from rotating when the cartridge is 
removed from the printer. This is especially advanta- 
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geous during handling as it prevents the carrier 14 from 
unwinding. 

When the cartridge is inserted into the printer, such 
as disclosed in commonly assigned U.S. Patent No. 
4,723,133 to Wafter, the non-volatile memory is electri- 5 
caily connected to the jx computer 1 7 as shown. 

The operation of the \i computer 17 for controlling 
the operation of the printer 1 0 will now be explained with 
reference to the flowchart of FIG. 5. 

The non-volatile memory 60 can be prepro- io 
gramrned with a counter that indicates the number of 
sets remaining to be used. It will also contain color- 
adjustment data which will be transferred into RAM 
memory of microcomputer 1 7 to change the color and 
contrast information to modify the output color image is 
based upon variations in the color dye density of the 
colored dye frames of the receiver from desired levels. 
For a more complete discussion of color signal process- 
ing which can be used in accordance with this invention, 
reference is made to commonly assigned U.S. Patent 20 
No. 4,786,917 to Hauschild et at. 

Other functions are also initialized, but they will not 
be discussed since they are not necessary to under- 
stand the invention. The mechanism 15 advances the 
carrier until, in response to start of set signals provided 25 
by threshold detectors 17a and 17b, after the microproc- 
essor 17 recognizes a start of series signal, it decre- 
ments the number of series remaining counter in 
memory 60. The carrier has been preexamined and a 
defect location map is stored in the memory 60 which 30 
indicates the location or position of each defective 
series of frames in the carrier 1 4. If a series is defective, 
and the cartridge is out of usable carrier (the number of 
sets remaining is "0"), the jx computer 17 signals an indi- 
cation on a display (not shown) that the cartridge 30 35 
needs to be replaced. If a set remains, then the \l com- 
puter 17 causes the drive mechanism to advance the 
carrier and the above process is repeated. When a 
series is not defective, the printer 10 would print an 
image in a receiver 12 as discussed above. During this 40 
time, the color correction data is used by the print head 
control circuitry to vary the actuation time of resistors 50 
of the print head 18 as is well known in the art. After the 
print is made, if a series remains, the above process is 
repeated. If a non<tefective carrier series does not 45 
remain, then the display will be caused to indicate that 
the cartridge is out of usable carrier. 

When the cartridge 30 is removed from the printer 
to make, for example, special colored prints, after it is 
replaced the carrier 14 will be advanced until the first so 
fresh (non-used) and non-defective series is presented 
under the print head 18. Everytime a cartridge is 
• replaced, the above discussed initialization process 
takes place. 

55 

Claims 

1 . A thermal printer having a cartridge (30) containing 
a dye carrier (14), such carrier having repeating 



series of spaced dye frames of different colors and 
a receiver (12) which receives dye from a series of 
dye frames to form a colored image, such printer 
including a print head (18) having a plurality of 
selectively actuable elements (50), means (23) for 
moving the carrier and the receiver along respec- 
tive paths so as to sequentially move each dye 
frame of a series and the receiver (12) relative to 
the print head (18) so that as the elements are actu- 
ated, dye from each dye frame of a series is trans- 
ferred to the receiver and forms a colored image in 
the receiver, the printer being characterized in that 
it further comprises : 

a) means (A, B) for identifying each particular 
dye frame series in the carrier and producing a 
signal; 

b) non-volatile memory means (60) associated 
with each cartridge (30) and including data as 
to the location of each defective series of dye 
frames in the carrier; and 

c) computer means (17) responsive to the iden- 
tifying signals and the stored defective series 
information for causing the carrier (14) and 
receiver (12) means to move only non-defec- 
tive dye series frames in operative relation with 
the receiver when the print head is actuated. 

2. The thermal printer of claim 1 wherein the non-vol- 
atile memory (60) includes color correcting data; 
and the computer means (17) responds to such 
color correction data to adjust the actuation of the 
elements (50) to compensate for variations in color 
density from desired levels. 

3. A thermal printer having a cartridge (30) containing 
a dye carrier (14), such carrier having repeating 
series of spaced dye frames of different colors and 
a receiver (12) which receives dye from a series of 
dye frames to form a colored image, such printer 
including a print head having a plurality of selec- 
tively actuable elements, means for moving the car- 
rier (14) and the receiver (12) along respective 
paths so as to sequentially move each dye frame of 
a series and the receiver (12) relative to the print 
head (18) so that as the elements are actuated, dye 
from each dye frame of a series is transferred to the 
receiver (12) and forms a colored image in the 
receiver, the printer being characterized in that it 
further comprises: 

a) means (A, B) for identifying each particular 
dye frame series in the carrier and producing a 
signal; 

b) non-volatile memory means (60) associated 
with each cartridge and including color density 
correcting data; and 

c) computer means (17) responsive to the color 
correcting data to adjust the actuation of the 
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elements to compensate for variations in color 
density from desired levels. 

4. A cartridge for use in a printer of any of Claims 1 to 

3 comprising: s 

a) means (20) for mounting a carrier (14) hav- 
ing repeating series of spaced dye frames; and 

b) non-volatile memory means (60) mounted 

on the cartridge and including data representa- 10 
tive of corrective action to be taken by a printer 
to compensate for a characteristic of a particu- 
lar dye frame of the carrier. 

5. The cartridge of claim 4 wherein the data repre- 15 
sents location of each defective series of dye 
frames in the carrier (14). 

6. The cartridge of claim 4 wherein the data repre- 
sents color density correcting data. 20 

Paterrtanspruche 

1. Thermodrucker mit einer Kassette (30), die einen 
eine sich wiederholende Reihe beabstandeter Fel- 25 
der unterschiedlicher Farben aufweisenden Farb- 
stofftrager (14) und einen Empfanger (12) enthait, 
der zur Bildung eines Farbbildes von einer Reihe 
von Farbfeldern Farbstoff empfangt, wobei der 
Drucker einen eine Vlelzahl von wahlweise betatig- 30 
baren Elemerrten (50) aufweisenden Druckkopf 
(18), Mrttel (23) zum jeweiligen Bewegen des Farb- 
stofftragers und Empfangers entlang einer 
bestimmten Strecke, so daB jedes Farbfeld der 
genannten Reihe und der Empf anger (12) nachein- 35 
ander relativ zum Druckkopf (18) bewegt werden 
und bei Betatigung der Elemente von jedem Farb- 
feld der genannten Reihe Farbstoff auf den Emp- 
fanger ubertragen wird, der auf dem Empfanger ein 
Farbbild erzeugt, dadurch gekennzeichnet. daB der 40 
Drukker zusatzlich folgende Kbmponenten auf- 
weist: 

a) Mrttel (A, B) zur Identifizierung jeder einzel- 
nen Farbfeldreihe auf dem Farbstofftrager und 45 
zum Erzeugen eines Signals; 

b) einen jeder Kassette (30) zugeordneten 
nichtfluchtigen Speicher (60), der Daten 
bezuglich der Lage jeder defekten Farb- so 
feldreihe auf dem Farbstofftrager beinhaltet; 
und 

c) einen Rechner (17), der auf die Identifizie- 
rungs-signale und die gespeicherte Irrforma- 55 
tion uber defekte Reihen anspricht und bewirkt, 
daB bei Betatigung des Druckkopfes der Farb- 
stofftrager (14) und der Empfanger (12) nur 



fehlerfreie Farbfeldreihen dem Empfanger 
zufuhren. 

2. Thermodrucker nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB der nichtfluchtige Speicher (60) Farb- 
korrekturdaten enthait und der Rechner (17) auf 
diese anspricht, urn die Betatigung der Elemente 
(50) anzupassen und Unterschiede in der Farb- 
dichte innerhalb erwunschter Stufen auszuglei- 
chen. 

3. Thermodrucker mit einer Kassette (30), die einen 
eine sich wiederholende Reihe beabstandeter Fel- 
der unterschiedlicher Farben aufweisenden Farb- 
stofftrager (14) und einen Empfanger (12) enthait, 
der zur Bildung eines Farbbildes von einer Reihe 
von Farbfeldern Farbstoff empfangt, wobei der 
Drucker einen eine Vielzahl von wahlweise betatig- 
baren Elemerrten aufweisenden Druckkopf, Mrttel 
zum jeweiligen Bewegen des Farbstofftragers (14) 
und Empfangers (12) entlang einer bestimmten 
Strecke, so daB jedes Farbfeld der genannten 
Reihe und der Empfanger (12) nacheinander relativ 
zum Druckkopf (18) bewegt werden und bei Betati- 
gung der Elemente von jedem Farbfeld der genann- 
ten Reihe Farbstoff auf den Empfanger (12) 
ubertragen wird, der auf dem Empfanger ein Farb- 
bild erzeugt, <fcdurch gekennzeichnet, daB der 
Drucker zusatzlich folgende Kbmponenten auf- 
weist: 

a) Mittel (A, B) zur Identifizierung jeder einzel- 
nen Farbfeldreihe auf dem Farbstofftrager und 
zum Erzeugen eines Signals; 

b) einen jeder Kassette zugeordneten nicht- 
fluchtigen Speicher (60), der Farbdichtekorrek- 
turdaten enthait; 

c) einen Rechner (17), der auf die Farbkorrek- 
turdaten anspricht, um die Betatigung der Ele- 
mente anzupassen und Unterschiede in der 
Farbdichte innerhalb erwunschter Stufen aus- 
zugleichen. 

4. Kassette zur Verwendung in einem Drucker nach 
einem der Anspruche 1 - 3, gekennzeichnet durch 

a) Mittel (20) zum Anbringen eines Farbstoff- 
tragers (14), der sich wiederholende Reihen 
beabstandeter Farbfeider aufweist; und 

b) einen an der Kassette angebrachten nicht- 
fluchtigen Speicher (60), der Daten enthait, die 
durch den Drukk r zu ergreifende Kbrrektur- 
maBnahmen darstellen, um ein Merkmal eines 
bestimmten Farbfeldes des Farbstofftragers 
auszugleichen. 
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5. Kassette nach Anspruch 4, dadurch gekennzeich- 
net, daG die Daten die Lage jeder fehlerhaften 
Reihe von Farbfeldern im FarbstofftrSger (14) dar- 
stellen. 

6. Kassette nach Anspruch 4, dadurch gekennzeich- 
net, daG die Daten Farbdichtekorrekturdaten dar- 
stellen. 

Revendications 

1. Imprimante thermique comportant une cartouche 
(30) comprenant un support de colorant (14), un tef 
support comportant des series rgp&itives de pla- 
ges espacees de colorants de differerrtes couleurs 
et un r6cepteur (12) qui report le colorant k partir 
d'une serie de plages de colorants afin de former 
une image couleur, une telle imprimante compre- 
nant une t§te d'impression (18) comportant une 
plurality d'6)ements seMectivement activables (50), 
un moyen (23) pour deplacer le support et le recep- 
tee le long de trajets respectifs de fagon k deplacer 
sequentiellement chaque plage de colorant d'une 
s6rie et le r6cepteur (12) par rapport k la t§te 
d'impression (18) d'une maniere telle qu'k mesure 
que les 6l6ments sont actives, le colorant prove- 
nant de chaque plage de colorant d'une se>ie est 
transfer^ au recepteur et forme une image couleur 
dans le recepteur, Umprimante 6tant caracterisee 
en ce qu'elle comprend de plus : 

(a) un moyen (A, B) pour identifier chaque s6rie 
de plages de colorants particuliere dans le sup- 
port et pour produire un signal ; 

(b) une memoire remanente (60) associ6e k 
chaque cartouche (30) et contenarrt des don- 
nees quant k Templacement de chaque s6rie 
defectueuse de plages de colorants dans le 
support ; et 

(c) un ordinateur (17) r6pondant aux signaux 
d'identification et aux informations de s6rie 
dSfectueuses m6moris6es pour amener le sup- 
port (14) et le moyen de recepteur (12) k depla- 
cer seulement les plages de series de 
colorants non d6fectueuses en relation fonc- 
tionnelie avec le recepteur lorsque la tete 
d'impression est activee. 

2. Imprimante thermique selon la revendication 1, 
dans laquelle la m6moire remanente (60) inclut des 
donnees de correction de couleur ; et I'ordinateur 
(1 7) repond k ces donn6es de correction de couleur 
afin d'ajuster le temps d'activation des 6l6ments 
(50) pour compenser les variations de density de 
couleur par rapport aux niveaux desires. 

3. Imprimante thermique comportant une cartouche 
(30) contenant un support de colorant (14), un tel 
support comportant des series rep6titives de pla- 



ges espacees de colorants de couleurs differentes 
et un recepteur (12) qui report le colorant k partir 
d'une se>ie de plages de colorants afin de former 
une image couleur, une telle imprimante compre- 

s nant une t§te d'impression comportant une plurality 
d'6l6ments s6lectivement activables, un moyen 
pour d§placer le support (14) et le recepteur (12) le 
long de trajets respectifs de fagon k deplacer 
sequentiellement chaque plage de colorant d'une 

jo s6rie et le recepteur (12) par rapport k la t§te 
d'impression (18) d'une maniere telle qu'k mesure 
que les 6l6ments sont actives, le colorant prove- 
nant de chaque plage de colorant d'une serie est 
transfer^ au recepteur (12) et forme une image 

/5 couleur dans le recepteur, rimprimante etant carac- 
teris£e en ce qu'elle comprend de plus : 

a) un moyen (A, B) pour identifier chaque s6rie 
de plages de colorants particuliere dans le sup- 

20 port et pour produire un signal ; 

b) une memoire remanente (60) assoctee k 
chaque cartouche et incluant des donnees de 
correction de density de couleur ; et 

c) un ordinateur (17) repondant aux donnees 
25 de correction de couleur pour ajuster le temps 

d'activation des 6l6ments afin de compenser 
les variations de densite de couleur par rapport 
aux niveaux d6sir6s. 

30 4. Cartouche pour utilisation dans une imprimante 
selon Tune quelconque des revendications 1 a. 3 
Gomprenant : 

a) un moyen (20) pour monter un support (14) 
35 comportant des series repetitives de plages 

espacees de colorants ; et 

b) une memoire remanente (60) montee sur la 
cartouche et incluant des donnees representa- 
tives de Taction corrective qui doit §tre prise par 

40 une imprimante afin de compenser une carac- 

tenstique de plage de colorant particulier du 
support. 

5. Cartouche selon la revendication 4, dans laquelle 
45 les donnees represented ('emplacement de cha- 
que serie defectueuse des plages de colorants 
dans le support (14). 

6. Cartouche selon la revendication 4, dans laquelle 
so les donnees represented les donnees de correc- 
tion de densite de couleur. 
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